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The Problem

The human mind encompasses an enormous number of memories.
Whether all memories that were ever established still persist is a
matter for coffee “debates; the fact remains that the usual adult
possesses an amount of information in memory that essentially
defies measurement. Represented among these memones are those

reﬂectmg experiences that occurred at - definite points in time.

A chronicle of these memories would in one sense constitute the
history ‘of the individual. A chronicle implies an ordering of events
that corresponds with true ordenng Major events in our hves such
as_eighth grade graduation, high ‘'school - graduatlon, mamage, and
retzrement would be ‘ordered properly because there is a necessary
order to such events. But when we ask about memories that are less
inevitably ordered, we begin to be less certain of the chronicle. Did'
your father lose his job before or after your second child was born?
Did you become a member. of the bowling team before or after you
remodeled your kitchen? When we ask such questions, we begin to
see that many events that are well remembered seem to have, at best,
only a crude location in the chronicle of our experiences.

~ The problem of central interest in this book is the nature of the
temporal coding of memories. Just how this became a problem of
moment will be detailed later. It is sufficient at this point to indicate
that our attempts to solve certain problems of memory functioning
led me to believe that differences in temporal coding of memories

were implicated. We were .thus led to undertake some experimental -

work to supplement evidence available in the ‘literature; the intent
was to get at least a preliminary understandmg of the variables that

govern our ability, or lack of it, to drstmgmsh by memory the'

ordering of events in time.

It seems to me that most of the evidence available, as well as
evidence that arises from introspection, leads to a conclusion that
our ability to identify points in time at which particular memories
were estabhshed is very poorly developed. One wonders why evolu-
tionary changes (purported to have occurred over the centuries as
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2 1. THEPROBLEM

adaptive changes) have not given us memories that are in some way
intrinsically dated. Why has nature treated us so uncharitably? Had

there been an ageless observer at the sparkling moment of the crea-.

tion of the egg—or of the hen—we would be no better off than we are
today, for I am sure the: observer would have soon forgotten which
came first. :

It might be presumed by some that _because our ability to date
memories is so_poorly developed, such abilities are of-little conse-
quence  for our welfare. Or, without implying a cause: Of ‘what
importance is the ability to order ‘memories correctly? Of what
importance is it to remember that the kitchen was remodeled before
the time a bowling team was formed? Our legal system depends
heavily upon an external dating system (a calendar system) to
establish an order of events that can be accepted by all. At the
same time, it seems beyond a doubt that justice may not have been
served in ‘many, many cases where the order of events was deter-
mined by the testimony of a witness. If a decision concerning the
guilt or innocence of a citizen charged with murder depended upon
the memory of a witness as.to whether ‘he had heard a gunshot
before .or after he heard the squealing of automobile tires, I would
be uncomfortable with the decision. A recent newspaper story
told of a disagreement between the Internal Revenue Service and a
businessman over the deductions he lad taken in calculating his
income tax. These deductions were for business expenses, expenses
‘which consisted primarily of costs for luncheons and dinners for his
clients. Many of the witnesses testified under oath -that they had
indeed been recipients of the luncheons and dinners, but when the
Internal Revenue Service asked them for specific dates they were
quite unable to reconstruct the dates. It has been reported (Gibson
& Levin, 1975) that children afflicted with dyslexia are particularly
inadequate in their memory for the temporal ordering of events.

The above is merely to suggest that our inability to tie our mem-

ories for events to certain points in time, and thereby to order the

events accurately, is not without impact on our lives. Still, we are
able, within some margin of error, to associate our memories with
their times of formation, and the question is how we are capable of
such dating at all.
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‘EXPERIMENT 1 3

In the first two chapters, I will establish the contours of the
problem as | see them ‘For the initial step, I will report three rather
diverse studies as a means of ﬂlustratmg procedures and data that
are said to deal w1th temporal coding.

EXPERIMENT 1

We brought together 24 brief statements describing events that
had occurred from 1968 to 1975. Pretestmg indicated that most
college students would remember that these events had mdeed
occurred, although it is not defimte that the memories for them were
established at the time of their occurrence. The descnphons of the
24 events, along with the month and year of occurrence, are given in
Table 1. They are divided into three groups of eight each (three
forms) for reasons which will become clear momentarily. In Table 1
the events are listed in order from most recent to least recent,
although on the test sheet given to the subjects the statements were
randomized. Each subject supplied a date for only 8 of the 24 events,
and the subgroups of 8 events each are identified as “forms.”

_ Students in a large, advanced undergraduate lecture course served
as subjects, all being tested simultaneously. The eight statements
were printed on a single sheet. After each statement, two blanks
occurred: one identified as “year,” the other as “month.” The three
forms were interlaced before distribution to the subjects, so we
assume that the three subgroups were equivalent in their knowledge
of the events. The instructions at the top ‘of each sheet were as
follows:

Below are listed eight events that have occurred in relatively recent years.
“The ‘events were so momentous and were 0 widely reported by TV,
radio, and newspapers that most college students will remember that the
events did indeed happen. Our interest is with your memory conceming
when each event happened. There is some belief among those who study
memory phenomena that our knowledge of the position of an event in the
flow of events is relatively poor. In fact, however, there is very little
systematic evidence on the matter. This “test” is an attempt to get prelim-
inary evidence on the accuracy of our memory for the placement of events
in time.
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4 1. THE PROBLEM

TABLE 1.

Descnptlons of the 24 Events for Whlch Sub;ects Were Asked to Supply

" aDate of Oecurrenoe (Month and Year) in Expenment 1

4 " Date of
Deséription of events ‘occurrence
Form 1 B
James R. Hoffa reported missing 7175
The tidal-basin incident involving Wilbur Mills 10/74
Richard Nixon resigned the presidency ‘8/74
Billie Jean King defeated Bobby Riggs in tennis 9/73
Governor Géorge Wallace shot 5/72
Attica (New York) prison riot 9/71
The tragic incident at Chappaquiddlck Island mvolvmg 7/69
"Ted Kennedy
Martin Luther ng assasinated 4/68
Form 2
‘The Apollo-Soyuz linkup in space 7175
Hank Aaron established a new home-run record 4/74
Patty Hearst kidnapped 2/74
Spiro T. Agnew resigned the vice presidency 10/73
President Nixon visited mainland China 212
Kent State students killed : 5/70
The first man stepped on the moon 7/69
Robert Kennedy shot 6/68
Form 3
Death of Aristotle Onassis 3/75
Evel Knievel failed in his attempt to rocket across the 9/74
Snake River Canyon
Alexander Solzhenitsyn exiled from Russia 2/74
Former President Lyndon B. Johnson died 1/73
 Baseball star Robert Clemente killed in plane crash 12/72
Disney World in Florida opened 10/71
Former President Eisenhower died 3/69
U.S.S. Pueblo captured by North Koreans 1/68

'Note: Each subject was given eight statements, thus there were three forms.

Fomom.
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EXPERIMENT1 5

We would like you to give your best guess as to the year and month '
during which each of the eight events occurred. You may find this diffi-
cult, but please fill in each blank—the year and the month—for each event,
even if you feel that your estimates are more or less guesses.

The subjects also entered their ages. The test was unpaced, thh most
subjects finishing within five minutes.

Some blanks were left unfilled by some subjects These test sheets
were ‘discarded. In addition, all subjects 23 years of age and over
were eliminated. Other sheets were discarded randomly to equalize

the groups (forms) at 36 subjects each. The data to be presented

were based on 108 subjects, with the number of subjects in the five
age groups of 18 19, 20, 21, and 22 years being 6, 30, 46 21 and
5, respectively.

The subjects made an estimate of the month and year for each of
the events. The test was given to the subjects in November 1975.
Therefore, as a metric, the true age of an event was calculated in
months backward from November 1975. Thus, the event concerning
James R. Hoffa was 4 months removed from November 1975, the
Wilbur Mills incident 13 months removed, and so on, until the oldest
event on Form 1 (the assassination of Martin Luther King) was 91
months removed from the point in time at which the subjects made
their judgments. The dates given by the subjects were likewise trans-
-formed into months removed from November 1975. A mean for
these scores for each event was determined to get an estimate of
group accuracy. The plot in Figure 1 shows the outcome, with the
diagonal line indicating the true humber of months by which the
avents were removed from November 1975.

Although the collective judgments could probably not ; be used
to replace a calendar, the correspondence between the true number
of months removed and judged number of months is quite high, the

product—moment correlation being .96 for the 24 events. Other’

evidence might lead to the expectation that events close in time
would be judged to have occurred further back in time than was
actually true and events very remote in time would be judged to have
occurred at times less remote than was true. As can be seen in Figure
1, there is at best only a suggestion of this in the data. It has been
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6 1. THE PROBLEM
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FIGURE 1. Mean judged months removed (from November, 1975) for 24
events, differing in number of months removed. The diagonal line represents
perfect correspondence between age of events and judged age (Experiment 1).

reported (Linton, 1975) that errors in estimates increase in magni-
tude as the memory gets older. Statistically, this would mean that
the standard deviation of the judgments would increase the further
back the event occurred. This was generally true, but there were
many exceptions for particular events.

We next asked about the relative ordering of the events by the
individual subject. The true orderings were correlated with the
ordering inferred from the eight dates assigned the events for each -
subject. The mean of these correlations was .79, and all 108 were
positive. The lowest correlation observed was .08, but only 2 of the
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EXPERIMENT 1 7

108 subjects ordered the events perfectly., A hit may be defined as
assigning the correct month and year for an event. The hits averaged
just under one (.98), and 45 of the subjects had no hits. in terms of
events, the maximum number of hits was SO percent (“Nixon re-
signed the presidency’”), but no hits were observed for three of the
events. The average error by which the subjects missed was 15.01
months, with a range of from 1.38 months (approximately 40 days)
to 35.38 months (just under three years).

Decades of psychophysical research would lead to the expectation
that, the closer two events were in time, the greater the likelihood
that the two events would be misordered in time. For each form, the
number of errors made by each subject in ordering was determined
for all combinations of two events. Thus, if the subject assigned an
older date to ‘“Hoffa reported missing” than to ‘“‘the King-Riges
tennis match,” it was counted as an error. For each form, 28 such
comparisons could be made, or 84 across the three forms. These
84 combinations were grouped according to the time separating the
two events, each group spanning 10 months, so that nine groups
covered the entire range. For the two-event combinations falling
within each grouping, the percent error was determined, and these
values have .been plotted in Figure 2. Expectations were fully real-
ized; the greater the time separating the two events, the less the
likelihood of a misordering of those two events. Even with the
shortest separation (1-10 months), the judgments were somewhat
better than anticipated if the subjects were merely guessing. '

If the separation between two events was kept constant but the
absolute age of the events varied, it would be expected that errors
would increase as age increased. The present datalacked a sufficient
number of events to make this determination. However, Squire,
Chace, and Slater (1975) have demonstrated the relationship. Their
subjects were asked to choose the most recently aired television
program that had been aired for only one scason between 1962
and 1973. The difference in the age of the programs presented for
all choices was five years. The number of errors increased as the
age of the programs presented for choice increased.

In our experiment, when the subjects were first glven the task,
there was much moaning and groaning as to the absurdity of the

i
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FIGURE 2. Errors in ordering two events as a function of the separation of the
two events in time (Experiment 1).

request to supply dates for the events. After complying with the
request, . there were many comments about the difficulty of the
task, how it was necessary to guess, and how poor “my memory”
was, Still, the results have shown that the subjects were able to
supply dates that were meaningful, either when combined, or when
examined for each subject independently. True, many of the errors
were very gross, and only 2 subjects of the 108 tested were able to
supply dates that correctly ordered all eight events. But that some .
information was available to most subjects for making educated
guesses seems undeniable.
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EXPERIMENT 2 9

EXPERIMENT 2

The events of interest in Experiment 1 were events that might be
called momentous; they were of varying durations, but even those
that were momentary were extended in time by aftermaths and by
the reporting of the news media. In Experiment 2 we turned to a
sharply contrasting set of events, events that had only a brief dura-
tion, and the entire series of events had a very short time span.
Furthermore, the events were quite homogeneous in character and
utterly lacking in newsworthiness. The subjects in Experiment 1
were, in spite of their moaning, intrigued with the task given them.
The subjects in Experiment 2 merely moaned. They were shown 32
words in succession for three seconds each, and then were asked to
make recency judgments for pairs of words: Which one of these two
words occurred most recently in the list?

Each subject was presented four successive lists of 32 words each.
After the presentation of each list, 12 recency judgments were
requested, that is, 12 pairs of words were presented and the subject
was requested to choose (by circling) the most recently presented
word in each pair. Furthermore, each recency judgment was followed
by a lag judgment in which the subject circled a number from 0
through 14 to indicate the number of words believed to have sepa-
rated the two words in the list. For each list there were three pairs
having true lags of O, 1, 5, and 10 words. Thus, across the four lists
there were 12 tests for each lag. The tests were unpaced. The words
occupying positions 1, 2, 15, 21, 22, 30, 31, and 32 were not tested.

The subject was fully instructed about the nature of the test
requirements before being presented the first list. The 128 words
used in the four lists consisted of a random sample from a larger
pool of 315 four-letter words drawn randomly from the Thorndike—
Lorge (1944) tables. The words were assigned randomly to lists and
to positions within the lists, and all subjects were given the four
lists in the same order. A total of 96 college students was tested.

The subjects in this experiment might have justifiably moaned;
both decisions (choosing the most recently presented word and
estimating the number of words separating the two) proved to be
very difficult. Some of the subjects did not score above chance in
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10 1. THE PROBLEM

choosing the most recent word. The results for both response meas-
ures are shown in Figure 3. The upper panel gives the percentage of
correct responses (correct recency decisions); the lower panel, the
mean lag judgments, both as a function of lag. Although in an
absolute sense the discrimination is quite poor, that there is a lag
slope for both response measures seems unmistakable, A test of the
four points in the upper panel indicated reliability, F(3, 285) = 7.10,
D < .01, as did the test for the lower panel, (F = 112.67). It will be
noted that the number of correct decisions is a little better at zero
lag than at a lag of one. Although this difference was not reliable
statistically, it will be argued later that even the small difference
may have psychological meaning. The lower panel shows that the lag
judgments for short lags were overestimated, those for long lags,
underestimated. As noted earlier, this has been a fairly universal
finding ‘

It is conceptually possible to view the two response measures
(number correct and lag estimates) as being independent. This
would imply that a subjec* might know that two events were widely
separated in time but not know «'.’ch occurred most recently. Two
lines of evidence indicate, however, that this was not true. Since
each subject had four lists, reliability measures were calculated by
combining the results for Lists 1 and 2 and correlating the perform-
ance measures with those for Lists 3 and 4 combined. The reliability
was not high. For correct responses, the product—moment correlation
was .39. While this value is reliably higher than zero, it is certainly
not very useful for predicting individual performance. To evaluate
the reliability of the lag judgments, a slope measure was derived.
This was calculated for each subject as the sum of the judgments for
lags 0 and 1 divided by the sum of the judgments for lags 5 and 10.
A ratio of one would indicate no discrimination (no slope), with
discrimination increasing as the ratio decreases below one. The
reliability of this measure was .29. Finally, the correlation between
the slope measure and the correct-response measure (for all four
lists) was .36. This indicates that a subject who had a large number
of correct responses also tended to have a steeper lag function than
did a subject with a small number of correct responses.

If recency judgments and lag judgments are positively related, it
should follow that, when an incorrect recency judgment is made,
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12 1. THE PROBLEM
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the corresponding lag judgment should -be more in error than that
given following a correct recency judgment. All subjects had at
least one incorrect recency judgment at each lag. It was possible,
‘therefore, to determine a lag function for incorrect and correct
recency judgments without loss of subjects. Of course, pairs for E
_ ‘which incorrect responses were given were, in some way, more
i difficult than pairs for which correct recency judgments were given, :
} although certainly some correct responses resulted from guessing. In g
any event, the lag judgments for incorrect recency judgments showed
-absolutely zero slope, all four points being at approximately a mean
of five. Thus, when subjects made errors in the recency judgments
they made lag judgments of five on the average, and this was inde-
pendent of the true lag. As may be seen in Figure 3, the mean lag
judgment combined across lags is approximately five. The data
apparently indicate that when subjects do not know which member
of the pair was most recent, they choose a lag near the means of ?
their other lag judgments—a central-tendency effect. These data g
indicate, as did the correlational evidence, that accuracy in lag :
estimates is modestly related to correctness of recency judgments.

That subjects will show a central-tendency effect in lag judgments
when they are incorrect in their recency judgments is a curious
finding. In Figure 2 it was shown that the closer together two events
are in time, the greater the likelihood that an error would be made in
a recency judgment. It might be expected that subjects would have
learned this relationship in their various experiences. That is, it might
be expected that their judgments would reflect this correlation
between error likelihood and the closeness of two events in time.

Therefore, w hen-a-pmm-grvexrforwmch‘they‘hm—m‘“feehng‘“as*—

to which member of the pair was most recent, they should conclude C
that the two must have been close together in the list and thereby j
be led to assign a very short lag estimate. Clearly, this was not the

case in the present data, and since similar outcomes have been

reported in other studies (e.g., Brelsford, Freund, & Rundus, 1967; 9

Hintzman, Summers & Block, 1975), it seems to be reliable.

One other finding should be noted: Performance did not improve
across the four lists. Whatever skill underlies the correct choice
of the most recently presented word was not developed within the
relatively short period of practice given the subjects.
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EXPERIMENT 3 13

EXPERIMENT 3

Experiment 2 involved homogeneous events (words) within a larger
event (list of words). Recency judgments for events of this type will
be spoken of as within-task or within-list judgments. These are to be
contrasted with judgments that follow the presentation of two or
more tasks or lists, following which the subject is asked to identify
the list membership of the elements or units making up the separate
tasks. These will be called between-task temporal judgments, and
such judgments were required in Experiment 3.

The procedures involved were very simple. The 100 college-
student subjects were given three successive lists of 20 words each for
study following explicit instructions concerning the nature of the
test to be given. On the test, the 60 words were printed in random
order on a sheet of paper. After each word the numbers 1, 2, and 3
appeared, and the subject was asked to circle the number repre-
senting the list in which the word had occurred. The words were all
fourletter words. They were exposed for 2 seconds on the study
trial, and 2 minutes were allowed to complete the test. After the test
was given on the first three lists, the entire procedure was repeated
with another set of three lists of new words. Because the perform-
ances on the two sets of lists were highly comparable, the judgments
have been combined for the sets. The product—moment correlation

. between the number of errors made on the first set of three lists and

the number made on the second set for the 100 subjects was .67.

The results are plotted in Figure 4, in terms of the percent of the
words in each list that were assigned list membership in each list.
For example, of the words in List 1, 55% were correctly assigned
as having occurred in List 1. Of the remainder, 30% were assigned
to List 2, 15% to List 3. It is apparent that correct assignments are
greater than would be expected by chance (33%), but, in any abso-
lute sense, performance is poor when it is seen that the correct
responses were only slightly above 50%. However, the nature of the
errors indicate some temporal information that is not given in the
correct-response measure. The clearest case involves List 1, where it
is seen that when an error is made it is more likely to involve
assigning the word to List 2 than to List 3. The data for this list
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The three tallest bars represent correct assignments, the others incorrect assign-

ments (Experiment 3).

could be described as reflecting a temporal generalization gradient.
This effect was less clear for Lists 2 and 3. For List 2, one might
expect symmetry in the two error sources (Lists ! and 3) and a
larger difference between the two error sources when List 3 items
were involved. It would appear that there was a response bias, so
that when in doubt the word was assigned to List 1. The source of
this bias is not evident. It might suggest that the subject applied
some reasonable notions: “If I can’t remember where this word
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occurred. . .,” or “If I don’t recognize this word as having occurred
at all, it must have been in the first list. Otherwise, I would have
remembered it.” It was noted earlier that the subject did not seem
to apply such logic to the within-list judgments of lag in Experi-
ment 2, but perhaps the principle was more readily available to the
subjects in Experiment 3 because of its simplicity or directness.
Such a principle of determining judgments could have also inflated
the number of correct responses for List 1. Based on a simple
forgetting notion, the number of correct responses should have
increased across the three lists when in fact ix¢ number decreased:

slightly. e |

THE RECENCY PRINCIPLE

Three sets of data have been examined as an introduction to the
type of phenomena with which I will be dealing. The data from
these experiments were presented primarily for demonstration

‘purposes. They were not very analytical with regard to the possible

types of information that entered into the judgments made by the
subjects. For example, in Experiment 3, if subjects did not recog-
nize a test word as having been in any of the study lists, it may
have seemed somewhat incongruous to ask them to make judgments
of list membership. =

The data from the three demonstration experiments have been
interpreted at a general level as showing the fallibility of the tem-
poral dating of memories. In the present section, I want to turn
to a somewhat different area of discourse in order to demonstrate a
contrary aspect of behavior. In any type of study involving the
relative dating of memories, two temporal intervals must be critical.
Assume two target memories, T1 and T2, and a memory test for
ordering. First, there is the interval between T1 and T2 (lag).
Second, there is the interval between T2 (the most recent of the
two events) and the point in time at which the test is given. This
second interval is the focus of the discussion in this section. The
point to be made is that, when this second interval is minimal in
length, our capabilities of distinguishing between the most recent
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16 1. THE PROBLEM

event and previous events is, in most situations, quite extraordinary.
As the flow of information into the memory system proceeds over
time, it is as if the information we are dealing with at the moment
can be protected by a shield or curtain from incursions into it by
less recent memories. As time passes and the information changes,
the older curtain gradually raises and a new one descends. This
recency principle is sometimes said to be mediated by a selector
mechanism (Underwood & Schulz, 1960). I will review some of
tlns evidence to illustrate the power of this mechanism.
Subjects learned a paired-associate list consisting of smgle-dlglt
numbers as stimuli and' consonant syllables (each of three letters)
of low association value as response terms. Such a list is very
difficult to learn, primarily because of the difficulty of integrating

- e

or unitizing the three letters of each response term. The perform-

ance of 18 subjects given 20 anticipation trials was examined.

The - eight consonant syllables were made up of 15 different
letters. This means that there was some letter duplication, and it
also means that 11 letters of the alphabet were not included. In
their attempts to learn this difficult list, the subjects produced
many misplaced letters.and many sequences of letters that were
not involved in any of the syllables. Not including misplaced

correct responses (a correct syllable given to a wrong stimulus
term), there were 789 letters produced which were wrong, in the
sense that they were a part of a wrong sequence, single letter
responses, and so on. Of these errors, only 20 (2.5%) were letters
that were not included within the eight consonant syllables. Fur-
thermore, because most of these were produced by only a few
subjects, and frequently repeated by the subjects, it is quite possible
that these errors were preceptual in nature, such as misreading a B
for an R. Effectively, the subjects did not import letters; their
response attempts were almost exclusively limited to letters that
were in the list. A single study trial initially seemed to have limited
the pool of letters with high precision.

We studied the errors made in learning a paired-associate list in
which 12 different single letters were used as response terms. These
lists had two-digit numbers as stimulus terms for the 12 response
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THE RECENCY PRINCIPLE 17»

terms. Actually, two such lists were employed each being learned.
by a drfferent group of 18 subjects for 15 trials. In learning one of
these lists a total of 427 errors was made, an error being counted as
a case when a letter was produced to the wrong stimulus term. Of
these 427 errors, only 3% were letters not actually in the list. For
the other. list, 540 errors were made, of which 4% were letters not
actually used as response terms. It should be clear that the letters
within the hst were not the first 12 letters of the alphabet nor the
last 12, nor was any other principle of selection evident. The 12
letters were randomly chosen from the alphabet. One might think
that ‘this would be a lnghly favorable condition for the subject to
grve letters that were not in the list; the ev1dence indicates other-
wise, and agam even the small number observed may have been due
to reading errors. :

In a third study, subjects learned a 16-pair word list . with the
pairing such as to produce high intralist similarity among instances
of concepts. The 30 subjects made a total of 1,424 overt errors, but
only one of these errors was.a word not present in the list. One
subject responded with “yellow” when the correct response was

“canary.”

These studies indicate tha: subjects can, after a single study
trial, effecttvely hmxt their information to the appropriate units;
this is done in spite of the fact that those ehmmated as inappro-
pnate may often in other circumstances be in a common pool with
the appropriate units. Recency of sttmulatlon, even that produced
by a single occurrence, seems to set. the memory for a unit quite
apart from the more remote memories of highly similar  units.

In the above cases, recency operates to separate memories for ver-
bal units presented and not presented in a particular situation. How-
ever, the recency principle operates with much the same effectiveness
when both the appropriate and mappropnate units have been experi-

enced in the same situation. It has been shown many times that in

the A-B, A—D transfer paradigm, the intrusion of B terms during
the learning of A—D pairs is an infrequent occurrence. Again, a single
study trial on A—D sets the D terms apart from the B terms, in spite
of the fact that commonality exists, because of the use of the com-
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18 1. THE PROBLEM

mon stlmulus terms in both lists. Even if some of the B terms are
carried over into the second list, intrusions of B terms not carried
over are infrequent (e.g., Twedt & Underwood, 1959).

It was noted earlier that the two critical intervals in the memory
for the order of events are the T1—T2 interval and the interval
between T2 and the test for the order of the two events. In the
A—B A—D paradigm, each list may be considered an event. Hence,
the T1-T2 interval between the two lists and the T2—test interval
would be considered critical. It was because of puzzling results
produced by the manipulation of these two intervals with this
paradigm that we were led to a variety of expemhents on variables
involved in temporal coding. We -will turn to these puzzling data
in the third chapter. In the remainder of the present chapter, we
will be concerned w1th estabhshmg the background assumptions
underlying the work

ORIENTATION

It is quite common in contemporary work on memory to conceive
of a memory for an event as consisting of different types of informa-
tion. It is my preference to speak of these different types of informa-
tion as being the attributes of memory (Underwood, 1969a). Thus,
the memory for a word may consist of an acoustic attribute, various
semantic attributes known collectively as meaning, a modality
attribute, and so on, including a temporal attribute. To have a theory
about memory is, within this framework, to have a theory about how
one or more of the attributes enter into memory functioning—how
the attribute(s) enter into performance on memory tests.

‘Some of the attributes may be viewed as having more or less direct
representation in memory. For example, in developing the theory
that has come to be known as frequency theory (Ekstrand, Wallace,
& Underwood, 1966), it was assumed that one of the mechanisms
in memory is a counting mechanism. Each occurrence of an event
is “tabulated,” and the subject can, when requested, make public the
sums. Stated in this manner, the theory is extremely crude on at
least two counts. First, the characteristics of the counting mechanism
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ORIENTATION 19

per se may be sharpened. That is, does each occurrence of an event
establish an independent trace, or is there a more direct summing
mechanism implied by trace strength? Second, it seems likely that
an event may produce several different classes of frequency informa-
tion. A word, for example, may have a frequency representation in
memory in terms of the perceptual response (visual, acoustic) made
to it. The memory for the event might also carry an independent
count of the frequency of a common meaning response which occurs
with ‘each presentation. These are not matters of concern for the
moment. They are mentioned to indicate that frequency informa-
tion, however viewed, has a relatively direct representation in mem-
ory. The question we ask concerns the temporal attribute: Does it
have direct representation in memory? ' :

The manifestation of a direct temporal attribute is implied by
ideas about biological clocks or biological calendars. Somehow, an
event is given an identification tag that locates its position with
respect to the positions of many other events, which occur over
time. Such ideas have arisen primarily from the decades of research
dealing with the estimation of very short time intervals, a line of
research that goes on unabated (Zelkind & Sprug, 1974).

At one time, my belief in the continuity of behavioral principles
led me to do a series of studies on the judgment of short temporal
intervals, including interference effects in the relatively short-term
memory for the duration of two intervals. I had hoped they might
produce some firm leads to an understanding of temporal discrimina-

tions when lists or items were the events of interest. These data still

languish in a file drawer, for I was unable to make a reasonable
connection. Another line of contemporary work (e.g., Kornblum,
1973, Section 7) deals with perception of temporal order for two
events that occur very close together in time, when closeness is
measured in milliseconds. As in the case of the judgment of the
duration of short temporal intervals, this work on the ordering
of two events, which occur very close together in time, may not be
irrelevant to the problems of the temporal coding of memories
viewed in a far more extended time period. I simply have not in-
cluded them in the present work because I have not been able to pull
the draw strings together. Also, I have chosen not to work with the
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20 1. THEPROBLEM

temporal attribute as being one that has a direct representation
(¢.g., a biological clock) in memory. This may be an incorrect deci-
sion; it is quite possible that the crispness of the recency principle, as
illustrated -earlier, would yield to such a notion. However, since
my central interest is in the breakdown of the recency principle,
1 .simply reached the decision that the temporal attribute will be
viewed initially as a derived attribute. By this is meant that our
knowledge of the temporal location of memories is based on other
attributes of memory for events, and the central task is that of
identifying what these other attributes are and the nature of the
role they play.

The perspective on one further issue needs to be made clzar.
When we do a memory experiment (or an experiment in any other
area), the observations open to the public (the experimenter) are
two in number. First, the subject is exposed to a given event under
the . experimenter’s control. Second, the subject responds in some
way on a memory test. Three questions are frequently asked about
the processes or stages that fall between the two public events:

1. Was there storage? Did learning occur?

2. What changes (decay, forgetting) may occur for the stored
memories (collection of attributes) over time (before the second
public event)? =

3. Which attributes mediated performance on the test?

Frequently, these questions are reduced to two: Was a deficit on
the memory test due to inadequate storage or to a failure of re-
trieval? To a greater or lesser degree, most of us have been involved
in looking at our data in such a way as to draw conclusions about
storage and retrieval. These efforts shade over into other questions,
such as whether or not recognition tests involve retrieval mecha-
nisms. In this search for answers, we frequently forget about the
stage implied by the second question; and it may well be that we will
ultimately conclude that, for the temporal attribute, this stage is
critical. There is a further complication, which essentially prevents us
from logically reaching conclusions about storage, persistance, and
retrieval.

o?



e W

Y R RO WYYV
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Recent evidence (e.g., Galbraith, 1975b) indicates that attributes
that are appropriate for performance on the memory. test could
be quite available, but the subject does not utilize them. One of
the unfortunate consequences is that, because the attributes were
not utilized, we may infer that the attributes were not stored. It
should be noted that Melton (1963), in his influential article, did

not use the word retrieval in his description of the third stage or

question. Rather, he used the phrase trace utilization, which could
imply two factors: the availability of appropriate attributes and the
choice by the subjects of attributes to mediate their test perform-
ances. For example, it has been shown that a simple instruction
from the experimenter will cause subjects to choose a particular
attribute to mediate verbal-discrimination performance, although
another might have been the voluntary choice of an uninstructed
subject (Ghatala, Levin, & Subkoviak, 1975). Since subjects may,
for whatever reason, instruct themselves on memory tests, this
source of variance at the attribute selection level must be recognized.
Given that four different factors, each of an unknown quantity, may
be involved in the performance on a memory test and that some of
the attributes are known to be quite independent of each other,
we must recognize the near logical impossibility of identifying the
source of a deficit in memory when one occurs. This is regrettable,
but may as well be faced. It does not mean, of course, that we will
cease speculation about these thoroughly confounded mtervemng
events, but perhaps we will recognize them as speculations.
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A Preliminary Analysis

The loose focus of this chapter is on certain independent variables,
which may be involved in the temporal coding of memories. I will
identify variables that have a proven effect on temporal coding,
those that will likely have an effect, and those that seem to offer
leads for theoretical thinking about the critical attributes that
mediate temporal coding. Attention will be directed primarily toward,
variables influencing withindist temporal judgments; those influ-
encing between-list judgments will be evaluated in a later chapter.

SERIAL ASSOCIATIONS

In many cases we infer the order of events because we know that
nature is so constituted as to involve many cause—effect sequences.
A flooded basement usually follows a rain; the movement of a ball
across a level surface implies an earlier event, which set the ball in
motion; a distant clap of thunder implies a prior electrical pheno-
menon. A cause—effect sequence prescribes the order of events, and
memories of those events will usually be ordered correctly. Yet, to
infer order from presumed cause—effect sequences may not be with-
out error. An automobile lying in a ditch, an auto on which a tire is
obviously blown, may lead to the conclusion that the blowout
antedated the accident and was the cause for loss of control of the
auto. In fact the blowout may have occurred after the loss of control
of the car. _

Laboratory studies do not normally deal directly with such
cause—effect event sequences. Perhaps the closest counterpart is
that represented by serial learning. A serial task, of course, is one in
which the events must be ordered in a specified manner. It is cer-
tainly not my intent to review the vast amount of work on serial
learning; this has been done admirably by Harcum (1975). The
difficulties of determining the processes involved in serial learning

22
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EXPERIMENT 4 23

make such learning somewhat of a mystery, and even the very
recent work seems only to deepen the mystery (e.g., Saufley, 1975).
Serial associations, of whatever they are constituted, contain infor-
mation from which the order of events may be correctly inferred.
We have all learned the alphabet as a serial task. A does not really
cause B, and B does not really cause C, but that B comes before C,
and A before B, gives these relationships almost a functional cause—
effect status. Furthermore, because these associations are usually
asymmetrical (Q will elicit R much more readily than R will elicit
Q), they provide relatively direct information about order. Many
investigators have asked subjects to identify the positions held by
items in a serial task after a certain amount of learning had occurred.
The data to be reported as Experiment 4 used a similar approach.
This study was described briefly in an earlier publication (Under-
wood, 1969a).

EXPERIMENT 4

The subjects were presented 25 words, each for 5 seconds, after
which they were asked to identify the position held by each word in
the list. The words were given aurally by tape, and the subjects were
fully instructed about the nature of the test before the list was
presented. They were further told that there were 25 words in the
list. After the list was presented, test sheets were distributed and
explained. The 25 words were listed in random order, and the
subject was requested to assign a number to each to represent its
position in the list. To prevent the usé of a number more than once,
a list of the numbers from 1 to 25 was provided on the test sheet and
the subjects checked off each number as it was used. The 25 words
were of relatively low frequency. Records were available for 100
college student subjects.

The number of hits, defined as assigning the correct position to
a word, is shown in Figure 5. Since 100 subjects were tested, the
values on the ordinate may be translated directly into percentages.
Thus, 97% of the subjects correctly identified the position of the
first word in the list. Primacy and recenly effects are very much
in evidence. Given a closed system for identifying positions and

RTDTE AR BT R s

L




‘(¢ ywouwradxg) Apnjs 10§ 300
paiussaad spiom Gz Jo yoeo 10§ AEoB e Jo uopisod 1931100 Y} Suidjnuapy) sig Jo JoqunN ‘G IYNOI4

uolisod eniy

ST oz St oL S
1 | 1 | T

T
1
€ 8 8 8 R§

SHH |ejoy

T
]
8




ooy

PR A T I RN e

EXPERIMENT 4 25

given that the subjects were most frequently correct on primacy
and recency items, it must follow that, in general, the positions of
the items in the first half of the list were likely to be assigned posi-
tions that overestimated the true positions, and items in the second
half were likely to be assigned positions that underestimated true
positions. It also follows that variability in judgments should be
less for items in the middle of the list than for those holding posi-
tions on both sides of the middle (e.g., positions 5—10 and 15-20).
Although not evident in Figure 5, both of these phenomena were
quite evident in the data.

Was serial learning involved? The subjects were interrogated
about the “strategies’ they used. Two answers predominated. First,
a verbal label was used for the first item, and a “last” label was
used by some subjects for the last item, this being assigned when
the list terminated. Some subjects indicated that more general
labels were used for several items, such phrases as the ‘“‘first part
of list” and “last part of list.” The other common report was that
items were associated in succession, this being accomplished by
rehearsal and by mediators. One remarkable subject correctly iden-
tified the position of all 25 words; she indicated that she had simply
associated the words in a chain, and when I requested it, she did in
fact produce most of the list. Some of the subjects actually wrote
the first several items on the test sheet before assigning numbers.

Such evidence is by no means conclusive concerning the role
of serial learning in the judgments, but it is strongly suggestive.
The evidence also indicates that subjects may construct calendarlike
devices, in which they try to associate the words in particular por-
tions of the lists with appropriate labels. I think we must accept the
fact that serial learning, whatever the processes that underlie it, may
serve as a means of inferring temporal information. The data from
Experiment 2 showed that correct.decisions concerning ordering
were slightly better when the lag between two words was zero than
when the lag was one. I believe this can be taken as evidence that
serial associations between the two words were developed and that
decisions of recency were made on this basis,
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EXPOSURE DURATION

As a general principle, it can be said that the longer the exposure
period or study time allotted an item, the better or greater the
learning. There are cases in which the improvement is minimal
as time increases beyond a given value, but it would be quite unex-
pected if performance became poorer with increased time. Insofar as
temporal coding is based upon attributes that are acquired during the
exposure period of an item, we would expect temporal coding to be
directly facilitated by exposure duration. When a notorious public
event occurs, no matter how brief the event per se may be, the
possibility of establishing a temporal code may extend over several
days as the event is rehashed, its implications examined, and its
relationships with other events noted. We have no idea concerning
the true exposure duration for the events used in Experiment 1.
To examine the influence of such a variable we must turn to the
control offered by the laboratory. However, this variable produces
difficult problems within the laboratory, and we must examine these
problems before getting to the substance of the influence of expo-
sure duration. '

Problems of Method

Thus far, only two general techniques for testing temporal ordering
of memories have been discussed: the within-task and the between-
task techniques. The test for within-task studies may be a request for
the subject to order all items, as in Experiment 4, or to make recency
and lag judgments on selected pairs, as in Experiment 2. There are
several other variants with which we must become acquainted in
order to pursue the discussion.

A variant on the within-task method might be called the contin-
uous within-list procedure as opposed to the use of discrete lists.
In the continuous technique, the subject is given a Jong series of
words. Periodically, a test is given, perhaps requiring a few seconds.
Then further words are presented for study, another test adminis-
tered, more study, and so on. On any given test the subject might be
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presented two target words, T1 and T2, and is asked to make a
recency judgment, and perhaps a lag judgment in addition. Several
published studies (e.g., Peterson, Johnson & Coatney, 1969) have
used the same item in recency judgments. The word is presented
twice, and, on its second occurrence, the subject is asked to give
a lag judgment (number of other words that occurred between the
first presentation of the target and its present occurrence). Obvi-
ously, the question the subject must answer is how recent was the
first presentation of the target word.

In a still further variation, the subject may be presented a closed
system of units, and these units are used over and over. Thus, Hinrichs
(1970) used only 18 different letters in the many tests given his
subjects. This was carried to a further extreme by Hinrichs and
Buschke (1970). They presented only cight different letters. After
an initial presentation of the letters, the testing began in a contin-
uous-list procedure. As each letter was presented, the subject made
a judgment as to which of the other seven letters was the “oldest”
letter; that is, which letter of the seven had the longest lag since last
presentation. This procedure produced extremely orderly data,
with the choice of the correct letter increasing directly and linearly
as age of the correct letter increased.

Finally, by way of a brief survey of techniques, it should be
noted that in the continuous procedure it is possible to vary the
T2—test interval. That is, not only may the lag be varied (T1-T2
interval), but the length of the retention interval-the T2-test
interval—may also be varied. We may now return to the problem of
method involved in studying exposure duration.

Consider the discrete within-list procedure. Suppose that for
one group of subjects the exposure duration of each item in the
list was two seconds, and for the same list with another group the
duration was four seconds. After each list is presented, tests are
given, these tests being the same for both lists. Suppose further that
we calculate various measures of the accuracy of temporal encoding
and find that the performances on the two lists do not differ. The
apparent conclusion is that exposure duration is of no consequence
for these judgments. However, it can be seen that because duration
of exposure differed, the retention interval differed for the two
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lists, the differences being the greatest for items occurring in the
initial positions in the two lists. We could keep the retention interval
constant by testing for all items in the lists presented at a two-second
rate and for only the last hailf of the items presented at a four-second
rate, but insofar as memory is influenced by the position of the items
in the list, a confounding would still be present.

We will next consider the continuous within-list procedure, again
with two exposure durations as the independent variable. The series
may be illustrated with A representing the target word, and x repre-
senting the intervening words: '

AxxxxxxxxxxxxA?

In this case, the temporal interval between the first and second
occurrence of A will differ as a function of exposure duration of
the items. Although the interval per se might seem to be inconse-
quential as compared with the number of intervening items (which
are equal in number for the two exposure durations), this would
prejudge the influence of an independent variable. Indeed, so far
as I have been able to determine, there has been no systematic
manipulation of the number of intervening words, keeping the inter-
val constant, nor has the reverse been done.

I bring up these pesky problems because, in the few studies I
have found that have manipulated exposure duration, there seems
to be no consensus concerning its influence (Guenther & Linton,

1975; Peterson, 1967; Lassen, Danicl & Bartlett, 1974; Berlyne,.

1966). Only Berlyne attempted to adjust for the intrinsic confounding
in the studies, and he concluded that the ordering of a set of objects,
seen once, was uninfluenced by exposure duration.

One solution to the problem seems to be through the use of
exposure duration as a within-list variable. It could be carried out
by either the continuous or discrete-list procedures. The critical
need is to vary the exposure duration of T1 and T2 without a con-
comitant variation in the T1-T2 interval or in the number of items
falling between T1 and T2. Thus, the duration of exposure for all
items within the lag interval would be constant across the condi-
tions in which the T1 and T2 exposure duration is varied. We could
have several critical target pairs within the list, or different lags
within the list, but across lists we could balance out positions within
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: the lists and still have several lags. Such an experiment has not been
done.

* There is another solution. Remember that we are trying to deter-

f mine the role of the independent variable—duration of exposure—on

|

the acquisition of temporal information. We need not necessarily

make our tests by using pairs of words. We can request temporal

information (position information) for all items in the list and

. simply vary the temporal duration of items during study, using a

sufficient number of lists or a sufficiently long list so that items

! given varying durations of exposure will be equally represented at

various positions in the list(s). I will shortly report such an experi-

ment, but one more problem must be evaluated before we can be
confident of the method.

i et

Instructional Variables

In a study which Joel Zimmerman and I did a few years ago (Zim-
merman & Underwood, 1968), the nature of the instructions was
manipulated. The subject was given 12 successive lists for free recall,
the lists containing either 8 or 12 words. Each list was recalled
immediately after presentation, and then a final free recall of all
items in all lists was requested. Next, the subjects were given the
12 lists, each printed on an index card, and were requested to order
the lists to correspond to the order of learning. Finally, a pair of |
words from each list was shown the subjects, and they were requested
to identify which of the two occusred earliest in the list. There
were three groups of subjects differing only in the instructions
they received prior to learning the 12 lists. One group was given only
the usual free-recall instructions. A second group received the free-
recall instructions plus information that they would be tested for
the order of the lists, and the third group received the instructions
of the second group plus the information that they would also be
tested for order of the words within the lists.

The results showed that the groups did not differ in free-recall
performance, nor did they differ on position knowledge, although
the position knowledge they acquired was substantial, For example,
on the within-list tests for the order of the two words within the
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lists, the average subject correctly ordered 10 of the 12 pairs. We

were led to conclude that ‘“‘relating the spatial-temporal dir' ension

to events to be memorized is a fundamental characteristic of the
learning process” (p. 307). Others, as‘I do now, may feel a little
uneasy about this conclusion as a generalized statement. There

are two reasons. First, the method of study was complete presenta-

tion; the subject was given each list on a card and was allowed 40
seconds to study the words. This contrasts with most other studies .
where each word was presented singly for study. Second (and this
may follow from the first), free recall as a function of position
showed no recency effect, although recall was given immediately
upon the termination of the study period. There was a very clear
primacy effect extending through the first five positions in the
list. 1 now believe that it is possible that the learning of each list
was primarily by serial association and that these associations were
probably responsible for the within-list recency judgments. This
mechanism would not, of course, account for the equal knowledge
of list position shown by the subjects in the three groups.

The question at issue is whether or not subjects can influence
their temporal judgments when the nature of the temporal test is
explained to them. Will they code or rehearse differently for such a
test from the way in which' they might for a free-recall test? The
issue is of some importance in considering exposure duration as an
independent variable in the mixed-list case, a procedure which seems
on other grounds to be quite appropriate. Will the rehearsal pattern
of subjects differ when they are given a long exposure to an item,
as compared to a short exposure, but when they are not expecting
a temporal test? Expecting only free recall, the subjects might dis-
place rehearsal far back into the list and, thereby, distort position
information. The likelihood of this happening may be directly
related to exposure duration.

The evidence available indicates that this is not a serious problem.
Proctor and Ambler (1975) gave subjects a long list of words for
study, telling the subjects only that a memory test would be given.
The subjects in one group were strongly urged to rehearse previous
items, in addition to the items present at the moment. The subjects
in a second group were urged to restrict their attention only to the
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word present at the moment. Proctor and Ambler found that, on
lag judgments for repeated words, performance was uninfluenced
by the instructions. On lag judgments for two different words,
there was an effect that was inconsistent (depending on lag), but the
subjects who were requested to displace rehearsals did more poorly
than the other group only on judgments involving long lags. Tzeng
(1976), in perhaps still stronger tests, reached the conclusion that
displaced rehearsals did not influence temporal judgments and
believes that the attributes entering into temporal judgments are
established on the first occurrence of a word and that subsequent
rehearsals of that word are quite irrelevant.

The gross outcome of the data to be reported as Experiment 5
was described in another publication (Underwood, 1969a). Those
data indicated that exposure duration had little influence on position
judgments. Several different groups were given the lists used in
Experiment 5, and for some of these groups the interest was in
free recall as a function of the massing and distribution of repeated
items. These recall data were presented as Experiments I and II in
an earlier publication (Underwood, 1969b), and they showed that
recall was better for items that were distributed than for those that
were massed, but that recall for the ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>